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Geotechnical assessment and management of 148 landslides triggered by a
major storm event in Wollongong, Australia
Abstract
On the 17th August 1998 a severe rainfall event occurred over a widespread area of the City of
Wollongong. During this storm, 1 person drowned and an estimated $50 to $100 million damage was
caused to the City of Wollongong. Road access to the City was cut by raised water levels and debris flows
covering and or scouring road and rail routes for up to 36 hours following this event. A geotechnical team
of 3, including the first author, was organised at very short notice during the response phase of the
emergency operations on the early morning of the 20th August by the Local Emergency Management
Officer of the Wollongong City Council. This team was organised with a Commonwealth Bureau of
Meteorology weather forecast in hand of a further deterioration of the weather conditions expected
during the next few days. In the weeks after the storm event the team inspected 191 geotechnical
problem sites. The team assisted the emergency services by visually inspecting reported cases of slope
instability, whilst a separate team looked at flooding and hydrological problems. The geotechnical team
also determined action plans for hazard and risk assessment that included referral of sites to relevant
authorities, as appropriate. A Hazard - Consequence Matrix based Risk Assessment approach, in
accordance with the AS/NZS 4360:1995 Risk Management Standard was adopted for the qualitative risk
assessment work. A comprehensive database of site, visit, photograph and map information was collated
for documentation and future reference.
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GEOTECHNICAL ASSESSMENT AND MANAGEMENT
OF 148 LANDSLIDES TRIGGERED BY A MAJOR
STORM EVENT IN WOLLONGONG, AUSTRALIA
P. Flentje1 and R. Chowdhury2

Summary
On the 17th August 1998 a severe rainfall event occurred over a widespread area of the City
of Wollongong. During this storm, 1 person drowned and an estimated $50 to $100 million
damage was caused to the City of Wollongong. Road access to the City was cut by raised
water levels and debris flows covering and or scouring road and rail routes for up to 36 hours
following this event. A geotechnical team of 3, including the first author, was organised at
very short notice during the response phase of the emergency operations on the early
morning of the 20th August by the Local Emergency Management Officer of the Wollongong
City Council. This team was organised with a Commonwealth Bureau of Meteorology
weather forecast in hand of a further deterioration of the weather conditions expected during
the next few days. In the weeks after the storm event the team inspected 191 geotechnical
problem sites. The team assisted the emergency services by visually inspecting reported
cases of slope instability, whilst a separate team looked at flooding and hydrological
problems. The geotechnical team also determined action plans for hazard and risk
assessment that included referral of sites to relevant authorities, as appropriate. A Hazard –
Consequence Matrix based Risk Assessment approach, in accordance with the AS/NZS
4360:1995 Risk Management Standard was adopted for the qualitative risk assessment
work. A comprehensive database of site, visit, photograph and map information was collated
for documentation and future reference.

Introduction
Rainfall induced landsliding causes significant economic loss in Australia and the loss of at
least 82 lives has been attributed to landslides (Leiba, 1999). With continued urbanisation of
sloping areas within the coastal cities, the frequency of occurrence of landslides is
increasing. Before about 1970, systematic hazard and risk assessment concerning slope
instability and landslides received little attention from researchers, geotechnical engineers or
engineering geologists. Over the last three decades maps of geology and existing landslides
have been prepared in several cities and, in some cases, attempts have been made to
identify sub-areas within a region each with some potential for slope instability on a simple
qualitative scale. In recent years, focussed research has been initiated on the factors
influencing the development of landslides and the mechanisms of failure. Attention is being
given to the spatial distribution and frequency of occurrence of rainfall induced landslides.
Methods are also being developed for Geographic Information System (GIS) based mapping
of landslide hazard and risk. GIS based maps of geology and existing landslides have
recently been developed for the central and northern suburbs of the Wollongong City Council
Local Government Area (LGA). A landslide database comprising 328 landslides before the
August 1998 storm event has also been prepared in which there are a maximum of 60 fields
of data for each landslide record.
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Effects of Urbanisation
An important and interesting aspect of landslide hazard and risk concerns the effect of
development that often includes deforestation, urbanisation, establishment of transportation
and communication links and other associated infrastructure. Increase in landslide hazard
and risk may be due to an increase in susceptibility or hazard or due to an increase in
elements at risk or both. Increase in susceptibility may take place soon after development or
in the longer term. The elements at risk will also vary with time.
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Figure 1. Recorded Landslide Occurrence/Recurrence and population

An attempt has been made to understand the role of urbanisation concerning the occurrence
of landslides in the Wollongong area. Based on the developed landslide database, and a
comprehensive search of the local print media, annual landslide recurrences have been
plotted. Since urbanisation of the hill slopes has been an ongoing process, this approach is a
good starting point for a fuller understanding of the continual process of landsliding. The data
in Figure 1 includes both new occurrences and reactivations of known landslides up to and
including the landslides of August 1998. While the data before 1950 is very limited, the plot
can be considered quite accurate over the 1950 – 1999 period. It is clear that large increases
occur in years when there are extreme rainfall events or when the proportion of annual
precipitation is large over a relatively small part of the year. However, increased incidence of
landsliding over time appears to be partly due to increasing urbanisation of the hilly areas.
More research work needs to be carried out to confirm this generalised conclusion.
Population data plotted in Figure 1 has been compiled from a variety of sources including the
Illawarra Regional Information Service (IRIS).

The Rainstorm Event of August 1998
The accumulated rainfall over the period 15 –19 August 1998 inclusive was 745 mm
recorded at Mount Ousley. The peak period of the rainstorm event was about three hours
duration between the hours of 5pm and 8pm on August 17, the accumulated rainfall for the
24hour period 9 am August 17th to 9 am August 18th being 445mm. Flash flooding occurred
during the peak period on the evening of August 17th with extensive damage to property and
infrastructure and the loss of one life.
Automatic rainfall pluviograph data showing the temporal pattern of rainfall distribution at 15-
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minute intervals is shown in Figure 2. The spatial pattern of the 5 day rainfall totals is shown
in Figure 3. From analyses of the rainfall event reported by Evans and Bewick (1999), return
periods of the rainfall exceeded 1 in 100 years for durations between 30 minutes and 6 hours
occurred along the top of the escarpment near Mount Ousley, Rixons Pass, Bulli and Beth
Salem. The above locations include parts of the urban Illawarra which have historically had
frequent landslide occurrences and where the adverse impact on residential property and
infrastructure has been high.
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Figure 2. RTA Mount Ousley Pluviograph Rainfall data

Slope Instability caused by the August 1998 Storm Event
During the event of 17th August raised water levels and debris flows covering and/or scouring
road and rail routes cut road access to Wollongong City and within the suburbs. This
isolation extended over a 36 hour period. Whilst extensive scouring, debris flows and shallow
slides occurred during and soon after the peak of the storm, relatively deeper seated
landsliding may have taken place over the next few days. It has been difficult, however, to
establish the exact time of the commencement of movement at many of the individual
landslide sites.
In the weeks following the rainfall event, 191 sites were identified and of these, 148 are
considered to be landslides and debris flows. Between August 18 and 20, a geotechnical
team (comprising 1 engineering geologist and 2 geotechnical engineers) assisted the
emergency services by inspecting sites both from the air and from the ground. To assist the
management of the Geotechnical Team’s work a relational computer database was
established whereby records were kept which included photographs and descriptions of the
sites. Three different tables were linked via specific reference numbers.
On 19th of August the University of Wollongong issued a press release indicating the
likelihood of landslides occurring over the next few days. This ‘prediction’ was based on
previous research that included (a) the analysis of rainfall magnitude and frequency and the
ARPET concept (Chowdhury and Flentje, 1998 and Flentje and Chowdhury 1999) and (b) an
observational approach concerning landslide movements.
One deeper-seated translational landslide resulted in a debris flow over an adjacent cliff line
near the village of Mount Kembla and was of particular concern (Figure 4). Residents of the
Mount Kembla village were alerted by the sound of rushing water and the crashing of rocks
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Figure 3. Schematic spatial distribution of rainfall over Wollongong for the 48 period prior to 9.00 am
17th August 1998, with approximate locations of all inspected active landslide sites.

and trees during the late evening of the 19th August 1998. Approximately 130 residents from
about 50 homes were evacuated for a period of 12 hours. Following an aerial inspection and
a subsequent extensive walkover, the landslide was found to be currently active. However,
continuation of debris run-out was considered unlikely. Moreover, if run-out extending
beyond the current debris accumulation area did occur, its direction was considered to be
topographically isolated from the village. The on site emergency services management group
were informed of this conclusion. The residents were informed and all but one residence was
reoccupied. In that instance, the house was located close to the debris accumulation area
and close to the potential route of any extended run-out. The family did not occupy their
residence for approximately 1 week.
The Mount Kembla landslide was seen by the media and hence the public as a dramatic
confirmation of the prediction by the University. Whilst an advanced state of preparedness
amongst the local authorities could be expected during such an event (and indeed this was
the case in Wollongong during the storm of August 1998), the tension was highlighted by
widespread concern and even some fear that a tragedy such as that at Thredbo may occur.
It is useful to recall that the Landslide at the Thredbo ski resort on July 30th 1997 claimed 18
lives about 1 year before the August 1998 rainstorm event in Wollongong. Ironically,
however, the Thredbo landslide was not a rainfall induced landslide.
Out of a total of 148 sites of land instability, 75 were reactivations of previously know
landslides and 73 were new landslides. Amongst the 70 shallow slope failures 48 were new
sites, and 22 were reactivations of existing sites. Amongst the 69 deep-seated slope failures
17 were new sites, and 52 were reactivations of existing sites. There were 14 debris flows
out of which 10 occurred at new sites and 4 at existing sites. The debris flows are discussed
in more detail in another paper.

Figure 4. A close up of one section of Site A, the Mount Kembla Landslide showing the crest of one of
the debris flow areas.

Management Approach and Key Aspects of its Implementation
After the rainstorm event, the Wollongong City Council and other authorities had to deal with
the disastrous effects of flooding, take remedial action concerning landslides and debris
flows and deal, as best as possible, with the potential for further movement. The main roads
and the railway were operating normally within approximately 48 hours.
It was decided that all of the reported landslide sites and many of the known existing
landslides (which may or may not have been reported as currently causing concern) should
be inspected to facilitate a hazard and risk assessment. Whilst responding to issues as they
arose, the hazard and risk assessment proceeded and was updated regularly. The risk
assessment provided a basis for the consideration of management options and decision
making. The geotechnical team carried out the inspections over the next few months, often
visiting sites several times. Information was also obtained from other authorities such as the
Roads and Traffic Authority (RTA) and the Railway Services Authority (RSA). The University
of Wollongong organised three rounds of monitoring of a number of inclinometer installations
at sloping sites across the city. This monitoring was carried out, initially at frequent intervals
and then at longer intervals. The authorities carried out some inclinometer monitoring and the
data was made available to the geotechnical team.
For the 148 sites of slope instability, hazard consequence and risk assessments were carried
out on a qualitative scale. The procedure used is an appropriate adaptation of the generic
approach described in the Risk Management Standard (AS/NZS 4360:1995).
The geotechnical team discussed site management options during and after the hazard and
risk assessments were completed. Many of the sites were to be managed by the Wollongong
City Council being in its jurisdiction and control. The jurisdiction of the other sites was
considered and the suggested management options were conveyed to the concerned
owners or managers of individual sites. In some cases the management decision was simply
to continue observation. In other instances, ranges of site work options were recommended.

Concluding remarks
The August 1998 rainstorm event caused extensive slope instability within the Wollongong
Local Government Area. 191 geotechnical problem sites were inspected by a geotechnical
team, of which 148 sites were landslides. This slope instability included a wide variety of
landslide types including many debris flows and deeper-seated slumps.
A Geotechnical Team was organised at short notice to assist the emergency operations by
assessing the reported problem sites and suggesting appropriate actions. The work of this
team reduced the number of resources (human and other) dispatched to the sites. The team
employed a matrix-based system of hazard and risk assessment consistent with the
Australian and New Zealand Standard. The teams work was assisted with the development
of a comprehensive relational database.
The Geotechnical Assessment and Management approach employed during this rainstorm
event proved to be very successful in assisting the city to cope with the disaster. The
approach methodology has subsequently been formalised by the Wollongong City Council
with the development of its Landslide Action Plan as a sub-Plan of the Local Disaster Plan.
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